ML Optical Propagation Through The Atmosphere

OVERVIEW: Atmospheric turbulence fluctuations significantly affect high-resolution imaging sensors and can reduce efficiency of
laser beam projection for illumination and optical communications. The magnitude of these effects depends on the strength of
turbulence and the distance from aperture to target, as well as the wavelength and aperture diameter of the optical system.

Nomenclature

n inde?c of refraction C’,% strengh of turbulence D  aperture diameter

k  spatial frequency A wavelength x  position in aperture

i) power spectrum L slant range V' transverse speed along path
lo  inner scale p distance along path

Lo outer scale
Fundamental Equations: Turbulence
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Tyler frequency, f;: Similar to Greenwood frequency, but relates
to the tilt component of turbulence-induced wavefronts

spherical wave r:
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ML Optical Propagation Through The Atmosphere

OVERVIEW: Light scatters from and is absorbed by air molecules (N,, O,, Ar, CO,, etc.) and aerosols. This reduces the amount of
light received by an optical sensor or laser power delivered to a target. The magnitude of these effects depends on the atmospheric
conditions and the distance from the aperture to the target, as well as the wavelength.

Nomenclature
Omol  Mmolecular scatter coefficient 14 total extinction coefficient
Oaer  aerosol scatter coefficient T transmission

kmor  molecular absorption coefficient I (z) optical irradiance
kqer  aerosol absorption coefficient

Fundamental Equations: Scattering and Absorption

Total Extinction: The total extinction coefficient is the sum of the molecular and !
aerosol scattering and absorption:
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Light Attenuation: The total extinction coefficient is the sum of the molecular o4y
and aerosol scattering and absorption: é
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Popular Models and Helpful Plots
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